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General Report for Theme Eight 
Case Histories in Selection of Sites for Industrial 
Structures and Determination of Design 
P.O. Deo 
Principal & Director of Engineering, American Geotechnical & Hydrogeologic 
Engineers, Novi, Michigan, U.S.A. 
The subject of this session is Case Histories in Select-
ion of Sites and Determination of Design Soil Parameters. 
A total of seven (7) papers were available for review at 
the time of the writing of this report. I shall discuss 
below briefly selected aspects of the papers, and will 
give personal opinions and comments on some aspects of 
the subject. 
There are three papers, which directly deal with the 
selection of site based upon geotechnical considerations. 
In Paper 806, Cox presents an interesting case hi story 
of selecting a site for an industrial plant in a region 
of Karst topography. Three sites were considered for 
the project. Each site required extensive site improve-
ment measures such as grouting of voids, sink hole re-
pair, etc. Based upon the social and economic consider-
ation, the geotechnical parameters were over-ruled and 
the site having the poorest geotechnical properties was 
se 1 ected. The paper i 11 ust rates that a geotechn i ca 1 
engineer can enable the optimization of a total design 
by enabling the trading off of economic, social and 
construction parameters. 
l shall like to mention here that during the last two 
decades, the environmal and social forces have become so 
strong that these forces often over-rule the geotechnical 
considerations. Generally, it turns out that the purpose 
of the geotechnical investigations are not to find a site 
having the least expensive foundation system but to de-
sign a foundation system for a pre-determined site 
selected on the basis of social and environmental con-
siderations {Seiple, 1974). 
In Paper 810, Sabtan and Shehata present the results of 
a reconnaissance study to locate a suitable site for a 
nuclear power plant. in the mid-western area of Saudi 
Arabia. The authors studied three sites based on the 
U.S. Atomic Energy Commission Regulatory criteria. The 
various sites were ranked on the basis of a numerical 
evaluation system. 
In Paper 809, Handa, Saran, Ramasamy, Rao and Parkash 
present the soil and foundation investigation of a multi-
story building in northern India. The site is located on 
the foothills of the Himalayas. The testing program 
consisted of test borings including dynamic cone pene-
tration tests, comprehensive laboratory testing including 
triaxial and consolidation tests, and field plate load 
tests. Based on the investigation, a cast-in-situ pile 
foundation system was used to support the building. 
It is interesting to note that a plate load test was also 
a part of the testing program for this study. It is 
understood that in northern India the plate load test is 
used as a routine test during the geotechnical investi-
gation studies. 
In Paper 804, Wagner presents a case history, where the 
strength parameters determined during a geotechnical in-
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vestigation were applied to an actual failure that took 
place prior to the investigation. Shear strength of an 
organic deposit was determined by several methods and 
the validity of the results was evaluated by studying 
the failure. The paper relates to the investigation of 
a dockwall failure in Milwaukee, Wisconsin. The failure 
occurred during the p~acement of a salt pile, the toe of 
which was at a distance of approximately 30 feet from the 
shore line. The failure occurred through the organic 
soils, which were overlain by fill deposits. The author 
discusses the differences in the shear strength values 
that were obtained using Dutch cone, vane shear and lab-
oratory torvane method. The author analyses the shear 
strength data by evaluating the stability of the dockwall 
which must have a factor of stafety of less than one at 
the time of the failure. Stability analysis was perform-
ed using the STABL program. 
I would like to make a few comments about the data gener-
ated for the paper by Wagner. It is my experience that 
the organic silt and peat are generally very non-uniform 
in physical and engineering properties. I have seen that 
variation in moisture content from the same deposit may 
vary by several hundred percent within a few inches of 
vertical or lateral distance. Similarly, the shear 
strength exhibits significant variations within a short 
distance in the same deposit. Therefore, the representJ-
tive average value to be used in analysis must be deter-
mined very carefully. It will be interesting to study 
the variations in natural moisture content data for these 
deposits. 
I tend to agree with the author that the horizontal sand 
seams provided some reinforcement against shearing and 
will increase the field vane and Dutch cone values. 
It should also be noted that vane size also affects the 
values of shear strength determined in the field. Never-
theless, the horizontal sand seams should not have sign-
ificant reinforcing effects at the time of the failure, 
as the failure surface will follow the line of least re-
sistance and will avoid sand seams. It is my opinion 
that the failure model will be similar to a deep sliding 
block within the soft organic soils rather than a circul 
ar surface. 
In Paper 805, Gil and Vega present the case history of a 
foundation failure in Lima, Peru. For this project, 
geotechnical investigation was considered sufficient and 
the foundation design was considered adequate. However, 
the structure was constructed without sufficient const-
ruction control resulting in foundation failure. The 
failure was in the form of settlement, cracking of floor 
slabs and tilting of a pier. The site was located on an 
alluvial terrace with residual granitic material. In 
order to achieve design grades engineered fill, up to 
approximately 15 meters in thickness, was placed. The 
majority of the fill material was obtained from colluvial 
debris having 4 inch maximum rock size. The paper pre-
sents that the failure has occurred due to lateral varia-
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tions in soil compaction beneath the base and placement 
of fill in an uncontrolled fashion. The paper is a 
classical example to emphasize the point that proper 
construction control is vital to the successful complet-
ion of the project. Had the fill been placed on a satis-
factory subgrade with sufficient compaction utilizing 
proper methods, this problem could have been avoided. 
One of the points of interest in this paper is the types 
of materials used in fill. It appears that relatively 
large pieces of rocks were used to construct the fill. 
I request the authors to give some information re-
garding the weathering characteristics of these rocks. 
Construction of fill and embankments with weak rocks re-
quire special design and construction procedures. Con-
siderable amounts of research work has been done in the 
USA in the last 15 years for constructing fills utilizing 
weak rocks (Lovell and Deo, 1984). 
In Paper 807, Shitao, Siyi, Jobing and Kezhi, present an 
interesting case history of common-sense approach of 
efficiently using the principles of land development to 
develop a town in an expansive-soil area. The general 
principles used in developing the town were: i) dividing 
the area according to different geological formations 
ii) using the land multi-levelly to account for topo-
graphic features and iii) using engineering measures to 
minimize damages due to expansive soils. Heavy and high 
buildings or underground structures were built in sect-
ions with great expansion and shrinkage potential, low 
structures were built in sections with small potential 
problems and buildings sensitive to non-uniform defor-
mation were built on non-expansive soils. 
In Paper 803, Fulan presents case histories in the 
selection of the site of a precision instrument factory. 
Based upon experimental data from repeated tests, the 
author provides antivibration distances in order to 
prevent vibration problems. The source of vibrations 
considered are train and automobile traffic, a forging 
hammer, and a compressor. The recommended antivibration 
distances can be reduced by providing isolation or 
antivibration trenches. 
Based upon a review of the papers submitted in this con-
ference, (this and the other sessions) it appears to me 
that for the determination of design soil parameters, 
more elaborate field and laboratory testing is performed 
in European and Asian countries than that in the USA. 
There may be two reasons for this: 
i) Geotechnical data from other sites having similar 
geological characteristics is often available and 
can be used to interprete some data without de-
tailed testing. 
ii) If there is competetive oidding for geotechnical 
services, and the scope of investigation is not 
well defined, there is tendency on the part of the 
consultant to reduce the number of expensive tests. 
It will be interesting to learn from the geotechnical 
consultants working in various regions of the world 
about the practices they use to develop the scope of 
geotechnical investigations. It is unfortunate that 
in spite of the well publicized limitations of the 
standard penetration test, especially for the clayey 
soils, this test is still considered the most important 
geotechnical parameter to develop foundation design. 
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INVITED PRESENTATION 
MADE BY DR R.K. BHANDARI 
ON THEME VIII 
SOIL EXPLORATION SAMPLING AND FIELD TESTING 
PRACTICES IN INDIA 
The unprecendented developmental and construction activity 
in the post-independence era 1n the Indian Subcontinent 
has brought about notable awareness amongst the geotechnical 
engineers regarding the need for refinements of site investiga-
tion tools and procedures as well as updating the equipment 
for field and laboratory testing. For many years, the Indian 
experiences are being codified faster than most of us would 
even realise. The geographical spread being so great and 
the access to specialists for routine jobs being so difficult 
and expensive, the Indian Standards Institution has ventured 
codification in areas not so well understood. The tools, 
instruments, equipment, practices etc. related to soil explo-
ration have been the concern of Indian Standards Institution, 
Indian Roads Congress and National Building Code of India. 
India has recorded all round development in the geotechnical 
field. The focus has now shifted from concentrating on the 
best sites to those available; from doing all the tests that 
were possible and leaving the final choice to the designer 
to the purpose-oriented investigation; and from quant1ty 
to quality. The listing of relevant IS Codes is placed at 
the end of the presentation. 
!\ State-of-the-Art report on the Soil Sampling practices 
in lndiL! Bhandari and Datyc (1979) was made at the Interna-
tional Symposium on Soil Sampling held in Singapore. Further 
contribution from India on this topic was made to the wntmg 
of the International Manual on Sampling of Soft Clays pub-
lislwd by the ISSMFE's Subcommittee on Soil Sampling. 
The manual was released during the X ICSMFE held in Stockholm 
in 1981. Today, India has already made a beginning towards 
establishing Soil Data Banks in its Metropolitan cities. The 
work of establishing first soil data bank m Calcutta was 
taken up by the Department of Science and Technolgy, Govern-
ment of India about four years ago. The effort 1s currently 
being spent in geotechnical mapping of the Calcutta regwn 
based on soil investigation reports, documented expenences 
and additional surveys. The success of th1s effort m Calcutta 
will hopefully pave for similar data banks to be establtshed 
in P>ornbay, Delhi and Madras. 
The geotechnical problems in India are as varied as the type 
of soil deposits. The vast tracts of highly expansive black 
cotton soils, soft clays, alluvial, boulder soils, . soft, clays, 
latrites, etc. pose a great challenge to the engmeer s sklll 
particularly in undisturbed sampling and testing. 
Penetrating testing such as SPT, Dynamic Cone Penetration 
Tests Static Cone Penetration tests are extremely common 
in India particularly for cohesionless soils .. For. soft clays 
use of field vane is favoured. Black cotton sods wh1ch exh1b1ts 
highly seasonal behaviour call for tube or block samplmg 
and highly controlled tests in the laboratory. For bouldery 
soils, full scale footing tests are usually recommended. 
Whatever the degree of progress, the road is indeed tortuous 
and the destination still far away. The greatest diffiCulty 
in the path of progress is that the work still cont1nues to 
be awarded on the lowest bid. The qualtty IS the first casualty 
when the commercial interests creep in. Somet1rnes the 
contractors are not even well equipped or trained to undertake 
soil investigation work and naturally they end up With makmg 
"holes" rather than "bore holes". 
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The human resource in India being abundant, the automation 
m testmg, data processing etc. is unlikely to catch up in 
f1eL · JObs for at least a decade more. Pressuremeter testing 
has recently been mtroduced by the Central Building Research 
lnst1tute, Roorkee but the scope for introduction of compu-
tenzed pressuremeter or self-boring pressuremeter in field 
jobs is considered remote for a few more years. 
The International Standards Organisation, in its meeting 
held m Hague m 1981, has entrusted India with the responsi-
blltty of wnting codes for ISO in the field of soil testing. 
SOME IMPORTANT INDIAN STANDARD CODE OF PRACTICE 
FOR SOIL EXPLORATION AND FIELD TESTING OF SOILS 
IS:l892-1979:Code of practice for Subsurface 
Investigation for Foundations (First Revision). 
IS:l888-1982:Method of Load Test on Soils (Second 
Revision). 
IS:9214-1979:Method of determination of modulus 





IS:2131-198l:Method for Standard 
Test for soils (First Revision). 
split spoon 
Penetration 
IS:4968 (Part III)-1976:Static Cone Penetration 
Test (First Revision). 
IS:4434-1978:Code of Practice for in situ Vane 
Shear Test for Soils (First Revision). 
IS:l0042-198l:Code of practice for site 
Investigations for foundation in Gravel-Boulder 
Deposit. 
IS: 2720 (Part 
Test for Soils 
Test. 
XXXIX/Sec.2)-1979:Direct Shear 
containing Gravel, in situ Shear 
IS:2720 (Part XXXI)-1969:Field 
of California Bearing Ratio. 








IS:2132-1972:Code of practice for Thin-walled 
(First Revision). Tube sampling of soils 
IS:l0108-1982:Code of 





practice for sampling 
sampler with stationary 
undisturbed samplinc:r 
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Discussion by Alan B. Wagner, 
Senior Project Engineer, STS Consultants, Ltd. 
Milwaukee, Wisconsin on "Study on Vibration in 
Site Selection for a Precision Instrument Fac-
tory" by Pan Fulan, Research Engineer of China 
North Industries Corp., Beijing, China 
Our appreciation is extended to the author for 
sharing the case histories concerning vibra-
tions. 
The case histories all pertain to use of isola-
tion to reduce vibrations reaching sensitive 
equipment or instruments. The author described 
cases in which isolation was provided: 
1) at the source 
2) between the source and sensitive 
equipment, and 
3) at the sensitive equipment. 
There are specific conditions for which each 
of the three isolation procedures would be pre-
ferred. Cost, of course, would be significant 
factor in the determination of which isolation 
technique is preferable. 
Other methods for reducing vibrations are avail-
able, but were beyond the scope of the paper. 
These include varying the mass of the founda-
tion supporting the source and varying the 
frequency of the source. Alternatives, such as 
these, are not always feasible and in general, 
may be less effective than isolation. 
The author presented tabulated data concerning 
the minimum separation distance between various 
vibration sources and instrumentation having 
various sensitivities. The data would be quite 
useful as a prelminary means for site evalua-
tion. 
Formulae were presented for calculating the 
attenuation of vibrations with distance. Use of 
equations indicates significant attenuation with 
dis·tance. However, attenuation calculated by 
the equations would not be as great as calcu-
lated on the basis of the reciprical of the 
square of the distance from the source. 
For example, for a foundation, with a unit 
radius, situated at the ground surface on a 
soil with an "average K value" and a frequency 
of 100Hz, the vibration amplitude would be_ 
reduced by successive single orders of magnl-
tude at respective distances of approximately 
7, 16, 27, 37 and 48 times the foundation 
radius. For embedded foundations, the attenua-
tion would be more rapid. The formulae assume 
homogenious isotropic conditions, which may 
not always be valid. 
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DISCUSSION BY 
MR. GROVER C. COX, III, SENIOR ENGINEER 
BOWSER-MORNER, INC., DAYTON, OHIO ON 
"A CASE OF LAND USE AND URBAN PLANNING IN 
AN EXPANSIVE SOIL DISTRICT" 
BY 
HOU SHITAO, WANG SIYI, ZHOU JIBING, AND CAD KEZHI 
OF THE HUBEI INSTITUTE OF GEODETIC, GEOTECHNICAL, 
HYDROGEOLOGICAL INVESTIGATION, WUHAN, CHINA 
The above paper describes the history of const~uctio~ 
and methods of minimizing damage due to expans1ve so1l 
in a district of main land China. The primary problems 
attributed to expansive soil were damage to foundations 
due to the shrinking and swelling of plastic clays and 
slope stability problems initiated by saturated expan-
sive soils. 
This paper did a very thorough job of describing the 
problems with expansive soils in this particular_dis-
trict of main land China. It also presented a dls-
cussion of construction solutions for dealing with 
expansive soil problems. However, there was very little 
discussion of methods for identifying areas and types 
dominated by expansive soils utilizing common testing 
techniques. It is suggested that it would be of value 
in this area to collect soil samples, either by hand 
auger, or small drilling rig to enable c~mprehensive 
determination of Atterberg limits and mo1sture content; 
thereby classifying, identifying, and quantifying the 
depth, type, and range of the expansive soils. In addi-
tion, if this problem is of a gene~al nature to ~n en-
tire province, it may be worthwhile to do some mlneral-
ogical analysis on these soils and identify their pri-
mary expansive constituents (i.e., mineralogical type, 
chorite, etc.). Based on these analyses, other solu-
tions might be developed for dealing with expansive 
soils. For example, the use of lime as a so~l amendment 
to fix the expansive soils. The mixing of the soils 
with lime could be very easily accomplished utilizing 
hand methods. Lime stabilization of the soil in con-
junction with improved drainage should prove to be a 
practical solution for low bearing buildings. In con-
clusion, the authors should be congratulated for pre-
senting their comprehensive description of expansive 
soil problems and solutions in their area. 
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Discussion by Alan B. 1/lagner, 
Senior Project Engineer, STS Consultants, Ltd. 
Milwaukee, Wisconsin, on "Siting Study for 
Aluminum Plant in Central Kentucky" by Grover 
c. Cox, III, M.S., P.E., Senior Engineer, 
Bowser-t1orner, Inc., Dayton, Ohio 
The author is congratulated for sharing the 
interesting geotechnical case histories with 
his peers. 
The fact that the geotechnical site selection 
criteria were out weighed by several other 
selection criteria, certainly increases the 
challenge to the geotechnical engineer. 
Hopefully, the owner was made aware that there 
was a higher degree of risk associated with 
the selection of Site No. 3. The increased 
risk would be associated with both unexpected 
increases in construction costs and long term 
performance of the structure. 
In the introduction of the project, it would 
have been interesting to learn the contact 
pressure that the heavy aluminum slabs 
applied to the floor slab. 
The number of borings described in the field 
exploration program description for each of 
the three (3) sites did not agree with the 
number of borings shown on the respective 
Boring Location Plans. Were some borings 
drilled beyond the limits of the location 
diagrams? 
Electric resistivity survey was used, along 
with the borings, to define areas that were 
underlain by large voids. Were other geo-
physical alternatives such as gravimetric 
procedures considered? 
The purposed floor elevation on Site No. 3 
would have been of interest. This would have 
allowed visualization of the relationship 
between the proposed floor grade and the 
existing site topography. 
The groundwater hydrology of the site was 
emphasized in the paper. The amount of 
groundwater movement through the solution 
channels would likely affect the rate of 
future solution channel development. 
From the topographic site plan, it was 
evident that the ground surface rose to the 
south, at least to the edge of the plan. Did 
the rise to the south extend beyond the limit 
of the plan? If so, the assumption that re-
charge from off-site through the weathered 
rock would be insignificiant, compared to re-
charge from the surface through sinkholes, 
may not be valid. 
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The analysis of annual recharge appears re~so~­
able, provided that the assumption of no Slgnl-
ficant recharge from off-site through the rock 
is valid. The calculated flow rate is surprls-
ingly low. Did observations, that were made on 
the site during the study, substantiate the de-
sign assumptions? 
Will the fill that is required to level the 
site be placed above any of the springs or 
water seeps? If so, some means of maintaining 
flow, such as a system of drainlines would be 
required to avoid causing a groundwater accumu-
lation in the bedrock fracture zones. 
Lastly, there are questions regarding the.sink-
hole repair. Were the sinkholes always Wlder 
at the top than at the bottom? If not, it may 
have been impossible for the rock fragment flll 
to have wedged into place. Further, the lean 
concrete would not have been secure. Were 
foundations placed directly on the repaired 
sinkholes? 
DISCUSSION BY 
MR. GROVER C. COX, III, SENIOR ENGINEER 
BOWSER-MORNER, INC., DAYTON, OHIO ON 
KA DOCK WALL FAILURE IN MILWAUKEE, WISCONSIN" 
BY 
A.B. WAGNER 
This paper presents a comprehensive discussion of a 
slope failure in a soil of relatively high organic con-
tent due to the surcharge loading of the soil deposit by 
a salt storage pile. The area of the failure is located 
adjacent to Lake Michigan. The paper very thoroughly 
describes the steps taken in the analysis. 
The paper describes the failure of a dock wall at the 
port of Milwaukee. However, the paper does not describe 
or mention the dock wall, although Figure 1 does 
illustrate a proposed dock wall. The only point to this 
criticism is that it may have been of interest to ana-
lyze the potential for a gravity retaining wall to 
resist the potential failure. Even though the latter 
would seem to have been of little value due to the depth 
of the organic deposit. However, the configuration, 
size, and role of the dock wall and the stability of the 
slope is an unanswered question. It was of interest 
though to see the comparison of results of dutch cone 
testing, field vane testing, and laboratory torvane 
testing. This data should be very useful for anyone 
attempting an analysis utilizing one of these tech-
niques. Finally, I found it unfortunate, and my sym-
pathys are extended to the author, that despite the 
comprehensive continuous testing, the failure plane was 
not located. Location of the failure plane in at least 
one sample would have provided an exact indication of 
the failure surface and would have clarified the exact 
mechanism of this particular slope failure. 
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DISCUSSION BY 
MR. GROVER C. COX, III, SENIOR ENGINEER 
BOWSER-MORNER, INC., DAYTON, OHIO, ON 
"GEOTECHNICAL INVESTIGATION FOR 
FOUNDATION DESIGN OF MULTIPLE STORAGE BUILDING" 
BY 
S.C. HANDA, SWAMI SARAN, G. RAMASAMY, 
AND A.S.R. RAO, AND B. PARKASH 
The authors are to be congratulated for presenting a 
case study of a practical problem in deep foundations. 
The paper describes the geotechnical investigation and 
foundation design at the site of a multi-storage 
building in Dehradun City, India. The paper compares 
the predicted load capacity of cast-in-place piles to 
the results of actual pile load tests performed at the 
site. 
This paper provided ,a comprehensive description of a 
typical foundation design from exploration through 
design decision, and finally, foundation testing. 
However, the inclusion of several details would have 
increased the value of the paper. The size and area of 
the proposed building is not stated. It appears from 
the sectional elevation (Figure 2) that a basement is 
also proposed at the site. If this was the case, was 
the option of providing a floating foundation evaluated? 
The ·provision of a floating foundation would have 
reduced the final contact stress on the compressible 
clay layer and would have also reduced the thickness of 
the compressible stratum below the foundation. The 
results of the pile load tests as compared to the design 
calculations presented in this paper are comparable to 
results the reviewer has experienced in several of his 
own designs. Finally, this writer would like to suggest 
that it would have been easier for some english speaking 
readers if the commonly used equivalence of "Nalla" 
(creek or ravine) and "Kankar" (pebbles) were also pre-
sented. 
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Author's Reply to Disct<ssion by Alan Wagner 
(Pan Fulan) 
Thank you for the valaable discussion on my 
paper. The following is the author's reply 
to t~e discussion: 
Vibration propagation in soil takes the form 
of wave propagation. The law of the vibration 
propagation depends on the wave patterns in 
the soil at ':lif.ferent distances from th.e 
source and on the propagation law of the wave 
patterns. 
It is known from tileori tical analysis that 
when a point source is applied on tne sur-
face of a semi-infinite elastic meditun, the 
longitudinal Rnd transverse waves propagate 
i~ the form of r-~ in the vicinity of the 
source while the Rayleigh wave propagates in 
1 
the f'orm of· r-1" 
f'ro.m the source. 
in areas comparatively far 
In actual conditions, however, soil is not a 
homogeneous and isotropic medium. Therefore, 
the attenuation of elastic waves in short 
3 
distance is in the form of r-~ instead of 
r-z 
(here r is t}J.e distance from the source) 
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